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Abstract
The problem of a complex assessment of potential resource- and energy saving in the civil engineering is unresolved. For 
achievement of the objectives of ecological protection in the given article the conceptual model of a full resource cycle is offered. 
It is expedient to carry out calculation of efficiency of construction technologies on the basis of the generalized indicator of 
ecological safety of the building. An example of a criteria assessment of constructive solutions of civil buildings and results of 
comparison of their ecological safety is reviewed.
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1. Introduction
Construction is one of the main industries. It is involved in the formation of the techno-sphere. Civic buildings 
protect people's lives. On average, each citizen of the country produces up to 20 tons of natural resources from which 
the building is constructed. The obsolete, energy-intensive technologies are used in the construction today. As a 
result the great quantities of waste are made. The wastes are not disposed of and are not used. The environmental 
pollution is getting worse [5]. The development pressure is increased on the urbanized territories. The matter of 
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efficient resource and cleaner production development is timely. In the Russian Federation this question is listed to 
the critical technologies. For another thing the project has the social implication [1, 11, 29]. 
2. The level of knowledge
Problems of complex ecological safety of the construction are described in articles [1, 2, 14]. Publications of 
Scherbina E.V., Kolchin M. A., Telichenko V.I. [31] are devoted to the peculiarities of the environmental 
assessment of construction activities. The authors proposed a methodology for forecasting the impact of construction 
projects on the environment. They schematize solutions of the environmental problems of large cities on the 
principles of sustainable development. The authors offered to use green building technologies in the Russian 
Federation.
5XVVLDQDFDGHP\RIDUFKLWHFWXUHDQGFRQVWUXFWLRQVFLHQFHV0RVFRZKDVSURSRVHGDQDOWHUQDWLYHíWKHSDUDGLJP
of biosphere to compatibility [3, 11, 13, 20]. The authors of the paradigm (Ilyichev V.A., Bakaeva N.V., Kolchunov 
V.I., Yemelyanov S.G.)  have offered a calculation of the biotecnosphere humanitarian balances that allows 
harmoniously developing human habitats and preventing crises and catastrophes. The balance equations are derived 
enabling to determine the required and maximum possible quantities of conventional natural resource matter. The 
issue of division of technical innovation on progressive and regressive is solved according to their impact on the 
Biosphere. If the technologies have a negative impact on the natural environment they are regressive.
4XHVWLRQVRIUHVRXUFHDQGHQHUJ\VDYLQJEHFDPHRIWHQWKHVXEMHFWRIGHEDWHLQWKHVFLHQWLILFVSKHUH>í@
In the framework of this concept (the paradigm biosphere to compatibility) do not solve the problem a 
comprehensive evaluation of potential energy efficiency and resource efficiency of civil buildings [7, 8, 32]. It is 
proposed to consider all life cycle stages of civil buildings: the production of natural raw materials; production of 
construction materials, civil structures; design; construct a building; maintenance of buildings; removal and disposal 
of lost property structures [9, 12].
3. The main points
The conceptual model of a complete resource cycle of civil building is proposed to achieve the objectives of 
environmental protection. The construction wastes are suitable for subsequent resource or energy use in this model. 
Assessment of environmental safety in civil engineering consists of six indicators [12, 18, 22, 23]:
1) The factor of using non-waste and low-waste technologies (Wn). It characterizes the use of resources in 
construction (Eq. 1):
௡ܹ = σ(1 െ ௜ܸ௝ / ௜ܸ)                                                                                                                                                (1)
Vij – the number of the used i-resource in j - technology material, product, process; Vi – the amount introduced 
into the process material, product, process of the i-resource.
2) The emission of pollutants into the atmosphere (Un). This indicator assesses the environmental condition and 
the level of construction technology. In addition, it reflects the efficiency of environmental activities at the 
enterprises of the construction industry (Eq. 2):
ܷ௡ = σ(1 െ ο ௜ܷ / ௢ܷ௜)                                                                                                                                             (2)
Uɨi – the total emission of pollutants by i -ingredient at the beginning of the forecast period; ǻUi – reducing 
emissions of pollutants by i -ingredient at the end of the forecast period due to the introduction of measures to reduce 
negative impacts on the natural environment.
ܳ௡ = σ(1 െ ο ௜ܳ /ܳ௢௜)                                                                                                                                            (3)
3) The rate of discharges into water basins (Qn). This indicator reflects the technological level of measures to 
reduce negative impacts on the natural environment and quality of life of the population (Eq. 3):
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Qɨi – the total discharge of pollutants by i -ingredient at the beginning of the forecast period; ǻQi – reducing the 
discharge of pollutants by i -ingredient at the end of the forecast period due to the introduction of measures to reduce 
negative impacts on the natural environment.
4) The rate of contamination of soils (Sn). The indicator aims but the assessment of the effectiveness of waste 
management systems at work, at home, and ecological safety of production (Eq. 4):
ܵ௡ = σ(1 െ ο ௜ܵ /ܵ௢௜)                                                                                                                                            (4)
Sɨi – the number of i-th type of waste at the beginning of the forecast periodǻSi – reducing the number of i-th
type of waste at the end of the forecast period for the reuse and recycling of waste.
5) The figure of territory (Fn) seized from the nature of the settlement (Eq. 5):
ܵ௡ = σ(1 െ ο ௜ܵ /ܵ௢௜)                                                                                                                                            (5)
Fɨi – the area of settlement at the beginning of the forecast periodǻFi – the increase of the area of the settlement 
by reducing the space occupied by the waste dumps at the end of the forecast period.
6) The energy intensity of building products (EIn) reflects the consumption of fuel and energy resources 
throughout the life cycle of the building (Eq. 6):
ܧܫ௡ = σ(1 െ οܧܫ௜ /ܧܫ௢௜)                                                                                                                                         (6)        
EIɨi – the total quantity of fossil fuels consumed in the production of construction products at the beginning of the 
forecast periodǻEIi – the reduction of fossil fuel at the end of the forecast period.
The composite index of ecological safety of civil buildings (CI) is determined by the equation 7 under combined 
action of individual indicators (Eq. í
ܥܫ = ( ௡ܹ ή ܷ௡ ή ܳ௡ ή ܵ௡ ή ܨ௡ ή ܧܫ௡)ଵ/଺ < 1                                                                                                           (7)        
The dimensionless characteristics (Eq. í DOORZ XVLQJ RQH PHWKRG WR FRPSDUH GLIIHUHQW GHVLJQ VROXWLRQV RI
buildings throughout the life cycle. Analysis of the composite index of ecological safety of civil buildings is 
associated with its reduction due to the corresponding decrease each of the constituent values of selected indicators.
4. Key findings
In the construction industry about 70% of the civil construction is achieved through the application of industrial 
technologies in Russia. Structural systems of civil buildings have undergone significant changes in the direction of 
the resource. However, further improvement of such structural systems is not exhausted [6, 15, 21]. For example, in 
the practice of civil engineering apply constructive solutions to the building frame of the industrial panel elements 
[4, 10], including load-bearing longitudinal and transverse wall panels connected to the floor slab, self-supporting 
outer walls are applied. Disadvantages of constructive solutions are as follows: longitudinal and transverse wall 
panels are made of structural concrete. Structural concrete has a high consumption of materials and energy. Slabs 
have a high intensity, low sound insulation performance. The intermediate joints of exterior walls may be susceptible 
to freezing, as they are not insulated and should not have thermal protection [10, 19]. These disadvantages can be 
eliminated by creating and implementing new industrial energy-efficient and resource-efficient structural systems of 
FLYLOEXLOGLQJV>í@RQWKHEDVLVRIWKHUHVRXUFHF\FOHORZ-waste technologies (Fig. 1).
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Fig.1. The building of prefabricated elements: 1 - longitudinal and transverse panel-frame; 2 - slabs; 3 - slabs with a perforated edge; 4 -
girders with termo-connectors; 5 - outer self-supporting one floor wall; 6 - starter bars; 7 - in-fill concrete; 8 - panels strutting
RAACS and Southwest State University (Russian Federation) are working on the development of the combined 
structural system of the framework of civil buildings. Designs include: panel-frame bearing elements industrialized 
production with the completion of a significant part of these elements of energy efficient eco-friendly materials 
made from two-component (natural materials and by-product). The effectiveness of the new constructive solutions is 
calculated in Table 1.
Table 1. The results of the calculation of the composite index of ecological safety of civil buildings
No. The name of the indicators
[dimensionless characteristics]
Customary structural concept 
[10, 19]
The building of prefabricated 
elements >í@
1 The factor of using non-waste and low-waste 
technologies (Wn)
0.92 0.64
2 The emission of pollutants into the atmosphere 
(Un)
0.94 0.72
3 The rate of discharges into water basins (Qn) 0.85 0.61
4 The rate of contamination of soils (Sn) 0.82 0.59
5 The figure of territory (Fn) seized from the 
nature of the settlement
0.91 0.76
6 The energy intensity of building products (EIn)
reflects the consumption of fuel and energy 
resources throughout the life cycle of the 
building
0.96 0.62
7 The composite index of ecological safety of 
civil buildings (CI)
0.895 0.653
The indicators of waste products and energy (Table 1) affect the final construction products. 
A new constructive solution is characterized by 30% less weight due to the use of thin-walled structural members 
and high-energy consumption of reinforcing steelIRUH[DPSOHLQDKRUL]RQWDOHOHPHQWVE\ííNJSHU
 FXELF PHWHU RI FRQFUHWH LQ WKH IRXQGDWLRQV E\ í í  NJ 7KURXJK WKH DSSOLFDWLRQ RI FRQVWUXFWLRQ
SURMHFWV ZLWK ORZHU HQHUJ\ FRQVXPSWLRQ \RX FDQ VDYH DERXW í N:āK RI HOHFWUicity per cubic meter of 
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construction volume of the building throughout the life cycle [9, 18]. 
The overage elements of energy-efficient, resource-efficient structural system after dismantling are returned into 
the production process as raw material for nHZFRQVWUXFWLRQVDWí7KHUHIRUHWKHORDGRQPXQLFLSDOODQGILOOVLV
reducing, excluding education of illegal dumping, and storing, for example, urban parks and gardens land. 
If we analyze the scheme of "input-output", then we can draw a conclusion. The emissions of carbon dioxide in 
the atmosphere (12.6 tons per cubic meter of construction volume of the building throughout the life cycle), the 
discharge of process effluent enter in river basins (4.6 tons), pollution of soils (8.3 tons) are reduced in proportion to 
the amount of consumption of natural resources. 
5. Conclusions
Therefore, the lines of the environmental safety and resource efficient are included: 
x replacing the use of natural resources in the industrial waste in the production of construction materials, products, 
structures  [4, 9] and etc.;
x improving the technical and quality characteristic of buildings [19, 21];
x dematerialization of a building or structure;
x improving the durability of the building materials and the life of the structure; modernization and reconstruction 
[8, 17, 19].
The reduction of energy consumption in the building materials industry through the application of low-technology 
production, introduction in the construction of buildings of effective thermal insulation materials and structures, 
design and construction of buildings with efficient systems for heating and ventilation are the lines of the 
environmental safety and energy efficient. 
Considered in the direction of allow a gradual transition from low-waste technologies to technologies full 
resource cycle in the construction industry [12, 18].
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